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PREFACE 


This  report  is  the  result  of  a  cooperative  effort  of  the  National  Ocean 
Service  (NOS),  National  Oceanic  and  Atmospheric  Admisistration,  U.S. 

Department  of  Commerce,  the  U.S.  Army  Engineer  District,  Los  Angeles,  and  the 
Coastal  Engineering  Research  Center  (CERC)  of  the  U.S.  Army  Engineer  Waterways 
Experiment  Station  (WES).  The  study,  based  on  a  comparison  of  historic  survey 
data  contained  in  the  archives  of  NOS,  was  funded  Jointly  by  the  Office,  Chief 
of  Engineers,  and  the  National  Oceanic  and  Atmospheric  Administration.  All 
survey  data  reduction  and  quality  control  were  performed  by  NOS;  data  analysis 
and  report  preparation  were  performed  by  CERC. 

The  report  was  prepared  by  Hr.  Paul  F.  May,  CERC,  and  Mr.  Brian  H. 
Baldwin,  NOS.  The  wor)c  was  carried  out  under  the  general  supervision  of  Mr. 
Thomas  W,  Richardson,  Chief,  Coastal  Structures  and  Evaluation  Branch,  CERC, 
Dr.  William  Wood,  Chief,  Engineering  Development  Division,  CERC,  Dr.  Robert 
W.  Whalin,  Chief,  CER(),  and  U.S.  Array  Engineer  District,  Los  Angeles.  At 
CERC,  Mr.  Hark  Hansen  assisted  in  development  of  a  computer  program  to  analyze 
the  shoreline  movement  and  land  area  change  data.  Mr.  Darryl  Bishop, 

Ms.  Carolyn  Dungan,  and  Ms.  Debra  Rouse  reduced  the  data. 

The  Commander  and  Directors  of  WES  during  preparation  of  this  report  were 
CUL  Robert  C.  Lee,  CE,  COL  Alan  F.  Crum.  Technical  Directors  of  WES  were 
Hr.  F.  R.  Brown,  and  Dr.  Robert  H.  Whalin. 
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SUORLLINE  MOVEMENT  DATA  REPORT: 

PORiUOUEbE  PuiNT,  CALIEORNIA  TO  THE  MEXICAN  BORDER  (1852-1982) 


PART  1:  INTRODUCTION 

is  report  describes  the  results  of  a  cooperative  study  of  shoreline 
movement  conducted  by  the  National  Ocean  Service  (NOS)  of  the  National  Oceanic 
and  Atmospheric  Administration  (NOAA),  and  the  U.S.  Army  Corps  of  Engineers 
Waterways  Experiment  Station  Coastal  Engineering  Research  Center  (CERC).  The 
study  was  performed  for  and  funded  by  the  U.S.  Army  Engineer  District,  Los 
Angeles, part  of  the  Coast  of  California  Storm  and  Tidal  Waves  Study 
(CCbTWS),  The  study  area  comprised  the  Pacific  Ocean  coast  from  Portuguese 
Point , /California  (near  Los  Angeles)  south  to  the  United  States/Mexico  border, 
a  distance  of  approximately  IZb  miles.  Changes  in  shoreline  position  ranging 
from  as  early  as  1852  or  as  late  as  1959,  up  to  1982,  are  analyzed  using 
survey  data  f  rom^(NOS^  and  its  predecessor,  the  U.S,  Coast  and  Geodetic  Survey. 
CCikOS).  A  series  of  shoreline  movement  maps  for  this  coastal  reach  produced 
by  NOS  is  intended  to  accompany  to  this  report.  Figure  1  is  an  index  to  this 
map  series  • 

2,  Shoreline  movements  are  presented  covering  the  longest  periods  of 
historic  survey  record  available  for  various  portions  of  the  study  area.  The 
maximum  period  of  record  ranges  from  1959-1982  for  the  northern  portion  to 
1852-1982,  for  the  south.  The  longer  data  span  (130  years)  allows  a  more 
extended  analysis  of  temporal  variations  in  shoreline  movement  rates.  Areas 
with  short  data  spans  may  exhibit  movement  not  truly  reflective  of  long-term 
trends  (Hayden,  et.  al.,  1979), 

3.  This  report  provides  a  basic  data  set  for  use  in  management  and 
engineering  decisions  related  to  the  coastal  zone.  Historic  shoreline 
movements  are  often  used  for  predicting  future  chan,je,  however,  extrapolation 
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of  past  movement  must  be  done  with  caution.  Man's  action  may  have  affected 
natural  coastal  processes  and  altered  the  rates  or  even  directions  of 
movement,  for  example  Kuhn  and  Shephard  (lysO)  describe  recent  changes  in  the 
southern  California  coast  attributed  to  human  intervention.  In  addition  Co 
man's  action,  the  natural  processes  themselves  may  have  altered  enough  to 
signif icantly  affect  shoreline  movement  trends. 

4.  I'his  report ''^s  designed  primarily  to  describe  and  partially  quantify 
shoreline  movement  maps  that  accompany  it.  Average  yearly  land  area  and 
shoreline  movement  rates  of  change  were  calculated  for  each  minute  of 
longitude  for  the  area  from  Portuguese  Point  south  to  Anaheim  Bay  (east-west¬ 
trending  shoreline),  and  for  each  minute  of  latitude  from  Anaheim  Bay  to  the 
U.S. /Mexico  border  (north-south  trending  shoreline).  Standard  deviations  for 
each  average  were  also  computed  and  provide  important  information  of  temporal 
(land  mass  change)  and  spatial  (shoreline  movement)  variations  for  each  minute 
of  the  ocean/land  interface  except  for  harbor  areas.  Harbor  areas  were  not 
analyzed  because  changes  there  are  usually  an  inseparable  mix  of  man-made  and 
natural  events. 

5.  'The  sole  purpose  of  this  report  is  to  describe  and  quantify  historic 
shoreline  movement.  No  attempts  were  made  to  identify  or  even  speculate  on 
the  reasons  for  these  movements.  Some  apparent  trends  may  be  related  largely 
to  surveyor  error;  these  are  addressed  later  in  the  report.  Comprehensive 
investigation  of  factors  such  as  meterologic,  geologic,  and  tectonic  trends 
along  with  man's  influence,  is  needed  to  assess  possible  reasons  for  the 
shoreline  movements  identified  in  this  report. 
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PART  II.  STUDY  AREA 


Geographical  Setting 

6.  The  study  area  encompasses  125  miles  of  Pacific  Ocean  coastline.  It 
begins  in  the  north  at  Portuguese  Point  (2.5  mi  north  of  Los  Angeles  Harbor) 
and  extends  south  to  the  U.S. /Mexico  border.  This  coastal  reach  exhibits  a 
wide  range  of  geomorphic  features  ranging  from  rocky  headlands  with  cliffs  and 
small  pocket  beaches  to  wide,  sandy  beaches  with  relatively  low  relief.  The 
wave  climate  is  moderate,  due  to  protection  from  Point  Conception  and  several 
large  islands.  However,  winter  storms  can  generate  waves  that  penetrate  the 
islands  with  sufficient  energy  to  erode  local  beaches.  The  continental  shelf 
is  approximately  10  miles  wide  at  San  Pedro  Bay,  but  narrows  to  less  than  two 
miles  at  other  locations  to  the  north  and  south.  The  following  brief  area 
descriptions  were  extracted  from  the  National  Shoreline  Study  California 
Regional  Inventory  (1971)  and  the  Assessment  and  Atlas  of  Shoreline  Erosion 
along  the  California  Coast: 

Portuguese  Point  to  the  Santa  Ana  River 

7.  Portuguese  Point  to  the  San  Pedro  Breakwater  is  composed  of  rocky 
headlands  and  small  pocket  beaches.  The  ares  from  San  Pedro  south  to  the 
Santa  Ana  River  (25  mi)  is  a  long  stretch  of  low  coast  that  forms  the  Los 
Angeles  Basin.  This  reach  has  narrow-to-wide  sandy  beaches  backed  by  dunes, 
low  bluffs  and  seawalls. 

Newport  Beach  to  Dana  Point  Harbor 

8.  Newport  Beach  has  wide  sandy  beaches  which  persist  to  the  south  and 
become  narrow  at  Corona  del  Mar.  From  this  point  south  to  Dana  Point  Harbor, 
the  coastline  exhibits  a  range  of  narrow  sandy  and  rocky  beaches  which  are 
backed  by  bluffs.  This  area  also  has  occasional  low  rock  protrusions  which 
act  as  natural  groins. 
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9.  Capistrano  Beach  has  wide  sandy  beaches  and  low  dunes  to  the  north¬ 


west.  The  beach  becomes  narrow  to  the  south  where  it  is  backed  by  high 
coastal  bluffs.  The  latter  conaition  persists  south  to  San  Onofre  Creek  where 
the  beach  widens.  South  of  the  Son  Onofre  Nuclear  Power  Plant  to  Las  Flores 
Creek,  the  beaches  once  again  narrow  and  are  backed  by  wave  cut  bluffs.  The 
beaches  widen  south  of  Las  Flores  Creek  as  the  bluffs  disappear  near  the  San 
Luis  Key  Kiver  area. 

Oceanside  to  La  Jolla  Bay 

10.  This  area  has  narrow  sandy  beaches  for  the  most  part  backed  by  high 
bluffs  and  sea  cut  cliffs.  Several  areas  -  Oceanside,  north  of  Batiquitos 
Lagoon,  and  north  of  Solona  Beach  -  have  sand  and  cobble  beaches.  Absence  of 
the  bluffs  and  sea  cliffs  occurs  at  lagoon  and  river  flood  plains. 

Point  La  Jolla  To  Point  Loma 

11.  Narrow  sand  and  cobble  pocket  beaches  with  frequent  seacaves  and 
eroding  cliffs  exist  in  the  Point  La  Jolla  area.  The  beaches  become  sand  and 
wide  with  relatively  low  relief  in  the  Mission  Beach  area.  Ocean  Beach  to 
Point  Loma  is  characterized  by  high,  nearly  vertical,  rocky  cliffs  with  narrow 
pocket  beaches,  numerous  sea  caves  and  coves.  Landslides  occur  along  much  of 
this  reach.  Point  Loma  rises  to  its  highest  (400  ft)  near  the  southern  tip. 
High  vertical  cliffs  exist  on  both  sides  of  this  feature. 

North  Island  to  the  U.S. /Mexico  Border 

12.  This  area  includes  San  Diego  Harbor,  the  only  natural  harbor  in 
southern  California,  and  is  characterized  by  sandy  beaches  backed  by  low  dunes 
or  seawall.  Beach  width  alternates  from  wide  to  narrow.  South  of  Imperial 
Beach,  the  beach  becomes  cobble  and  sand  backed  by  marsh,  sloughs,  and  river 
flood  plain  along  the  Tijuana  River  or  Estuary. 


HArtX  III.  DATA  COMPILATION  AND  REDUCTION 
Data  Sources 

13.  Twenty  U.S.  Geological  Survey  (USDS)  quadrangle  maps  (1:24,000  scale) 
were  selected  to  provide  the  base  maps  for  this  project.  Because  only  the 
shoreline  was  of  importance  to  this  map  series,  the  total  number  of  maps 
needed  to  effectively  cover  the  coastal  area  was  reduced  to  fifteen.  Appendix 
A  explains  which  data  were  used  as  Che  base  for  each  map. 

14.  NOS  has  on  file  127  suitable  shoreline  surveys  and  maps  for  the  study 
area,  at  scales  ranging  from  1:5,000  to  1:20,000  and  dating  from  1851  through 
1974.  Practically  all  of  the  earliest  surveys  were  topographic  plane  table 
surveys.  From  1972  on  the  surveyors  used  photogrammetric  methods  increasingly 
to  provide  topographic  information. 

15.  The  most  recent  survey  data  (1982)  was  derived  from  six  flight  lines 
of  natural  color  aerial  photography  taken  at  1: 40,000-scale  over  the  project 
area.  Four  lines  were  photographed  on  March  20,  1982,  at  a  tide  stage  of 

+0. 1  ft  above  mean  lower  low  water.  These  lines  covered  the  area  from  San 
Diego  to  Torrance,  California.  The  other  two  lines  were  photographed  on 
November  25,  1982,  at  a  tide  stage  of  -•’2.5  ft  above  mean  lower  low  water. 

These  lines  covered  the  area  from  Point  Vincente  to  Long  Beach,  California. 
Twenty  of  the  photographs  from  these  six  lines  were  enlarged  to  1:24,000  scale 
and  used  to  compile  the  1982  shoreline  used  in  this  report. 
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Shoreline  Definition 

16.  Topographic  surveys  have  been  compiled  by  NOS  since  the  early  1300 's 
in  support  of  hydrographic  surveys*  They  are  the  basis  for  delineating  the 
shoreline  on  nautical  charts  published  by  that  agency.  Shalowitz  (1964),  the 
authoritative  source  on  the  historical  significance  of  early  topographic 
surveys  of  NOS,  notes:  "The  most  important  feature  on  a  topographic  survey  is 
the  high  water  line."  High  water  line  (HWL)  is  a  general  term;  because  it  is 
the  shoreline  used  in  this  report,  it  is  important  to  define  the  line  as 
actually  surveyed  through  the  years  by  NOS  and  its  predecessor  agencies. 

17.  About  1340,  Ferdinand  Hassler,  the  first  Superintendent  of  the 
Survey,  issued  the  earliest  instructions  for  topographic  work.  Included  in 
these  instructions  (Volume  17,  Coast  Survey,  Scientific,  1344-1846, 
handwritten)  is  the  following: 

"On  the  sea  shore  and  the  rivers  subject  to  the  tides,  the  high  and  low 
water  lines  are  to  be  surveyed  accurately;  and  the  Kind  of  ground  contained 
between  them,  whether  sand,  rock,  shingle  or  mud  marked  accordingly.  The  low 
water  line  is  taken  by  offsets  whilst  running  the  high  water,  and  when  not  too 
far  apart  from  each  other,  but  when  their  distance  is  great  they  must  be 
surveyed  separately:  a  couple  of  hours  before  the  end  of  the  ebb,  the  same 
time  during  the  commencement  of  the  flood  tides  will  be  the  proper  time  for 
taking  the  low  water  line,  and  your  operations  must  be  so  timed,  as  to  be  on 
the  shore  on  those  periods. 

You  will  establish  points  along  the  shores,  and  mark  them  securely  by 
means  of  stakes,  at  suitable  distances,  for  the  use  of  the  hydrographical 
parties  in  taking  their  sounding  -  and  also  furnish  them  with  the  high  and  low 
water  line,  from  your  map,  they  may  require." 
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18.  The  first  specific  instruction  regarding  the  nature  of  the  line  to  be 
surveyed  is  contained  in  the  Plane  Table  Manual  (Wainwright,  1898).  It 
states : 

"In  tracing  the  shoreline  on  an  exposed  sandy  coast,  care  should  be  taken 
to  discriminate  between  the  average  high  water  line  and  the  storm  water  line." 

19.  Shalowitz  (1964)  elaborated  by  stating: 

"The  mean  high  water  line  along  the  coast  is  the  intersection  of  the  plane 
of  mean  high  water  with  the  shore.  This  line,  particularly  along  gently 
sloping  beaches,  can  only  be  determined  with  precision  by  running  spirit 
levels  along  the  coast.  Obviously,  for  charting  purposes,  such  precise 
methods  would  not  be  justified,  hence,  the  line  is  determined  more  from  the 
physical  appearance  of  the  beach.  What  the  topographer  actually  delineates 
are  the  markings  left  on  the  beach  by  the  last  preceeding  high  water,  barring 
the  drift  cast  up  by  storm  tides.  If  only  one  line  of  drift  exists,  as  when  a 
higher  tide  follows  a  lower  one,  the  markings  left  by  the  lower  one  would  be 
obliterated  by  the  higher  tide  and  the  tendency  would  be  to  delineate  Che  line 
left  by  the  latter,  or  possibly  a  line  slightly  seaward  of  such  drift  line. 

In  addition  Co  Che  above,  the  topographer,  who  is  an  expert  in  his  field, 
familiarizes  himself  with  the  tide  in  the  area,  and  notes  the  characteristics 
of  the  beach  as  to  the  relative  compactness  of  the  sand  (the  sand  back  of  the 
high  water  line  is  usually  less  compact  and  coarser),  the  difference  in 
character  and  color  of  the  sun  cracks  on  mud  flats,  the  discoloration  of  the 
grass  on  marshy  areas,  and  Che  tuffs  of  grass  or  other  vegetation  likely  along 
the  high  water  line." 

20.  The  preceding  references  emphasize  the  intention  of  all  these 
topographic  surveys  to  determine  the  mean  high  water  for  delineation  on 
maps.  With  the  exception  of  tidal  marsh  areas,  where  in  most  cases  the  outer 
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vegetation  limit  was  surveyed,  the  mean  high  water  line  shown  on  a  map  is  the 
line  at  the  time  of  survey  or  on  the  date  of  photography. 

21,  With  the  advent  of  precision  aerial  photography,  compilation  of  "T- 
sheets"  entered  a  new  dimension.  The  mean  high  water  line  can  now  be 
determined  accurately  from  such  photographs  with  stereoscopic  instruments  and 
known  tide  data.  This  method  is,  when  possible,  verified  by  profile  points 
run  from  vertical  bench  marks.  When  profiles  are  run  as  part  of  contemporary 
surveys,  they  are  referenced  to  the  nearest  primary  tide  station. 

1982  Mean  High  Water  Line 

22,  To  make  this  study  as  current  as  possible,  L/SGS  quadrangles  and  other 
selected  maps  were  revised  to  show  a  1982  mean  high  water  line.  The  revision 
was  made  by  the  Special  Projects  Unit  of  the  NOS  Photogrammetry  Branch  using 
the  color  aerial  photographs  described  in  paragraph  15  and  the  general  methods 
described  in  paragraph  21.  Due  to  funding  constraints,  the  office-determined 
1982  mean  high  water  line  was  not  field  checked,  but  it  was  reviewed  to  assure 
uniform  accuracy  in  photo  interpretation.  The  1982  maps  were  also  digitized, 
checked  and  reviewed  in  the  same  manner  as  all  other  historical  source  maps. 

Historical  Maps 

23,  Over  165  historical  maps  were  checked  for  possible  use  in  this 

project.  Approximately  25  percent  were  rejected  for  the  following  general 
reasons:  1)  the  map  scale  was  incompatible  with  the  accuracy  needed,  and 

the  area  was  covered  by  other  maps  at  better  scales,  2)  the  map  base  was 
distorted  and  it  would  have  been  impossible  to  remove  the  distortion  from  the 
reduced  copy,  or  3)  a  common  datum  between  the  map  in  question  and  the 
remainder  of  the  ares  maps  could  not  be  determined. 
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24.  Copies  of  the  127  maps  chosen  for  this  study  were  obtained  from  the 
NOS  vault  in  Kiverdale,  Maryland.  These  copies  initially  were  bromide  prints 
(a  photographic  process  which  provides  a  long  shelf  life)  and  were  later 
transferred  to  matte-finish  film  positives,  which  dimensionally  are  more 
stable.  The  chosen  maps  were  reduced  by  copy  camera  from  their  original  scale 
to  a  common  1:24,000  s..ale  on  .004  mm  stable  base  Mylar.  At  this  scale  the 
possible  map  error  represents  a  ground  distance  of  approximately  -f  39.5  ft. 

Map  error  is  a  combination  of  errors  from  photogrammetric  reproduction  and 
printing.  Photogrammetric  errors  result  from  the  inability  to  correct  for 
non-linear  and  differential  shrinkage  in  the  original  survey  maps,  caused  by  a 
map's  cloth  backing  shrinking  more  in  one  direction  or  in  one  section  than 
another.  Printing  errors  usually  result  from  slight  misalignments  on  the  map 
printing  press. 

25.  The  accompanying  shoreline  movement  maps  were  produced  in  the 
following  manner: 

a.  Fifteen  base  manuscripts  derived  from  USGS  1:24,000  scale  quadrangles 
were  scribed  with  projections  and  grids  by  a  Coradi  automatic  plotting 
instrument . 

b.  Fifteen  film  positives  of  the  scribed  projections  were  made  and 
registered. 

c.  The  fifteen  registered  film  positives  were  used  as  bases  for  the  map 
series.  The  127  1:24,000  photo-reduced  scale  data  were  registered  with  the 
bases  and  transfered  to  scribe  cotes  These  cotes  consisted  of  a  bi-layer  film 
(clear  top  and  translucent  color  top)  which  when  scribed  through  the  top  layer 
produces  a  film  positive.  One  sheet  of  scribe  cote  was  used  for  each  film 
positive  for  each  historical  survey  year  or  period. 

d.  The  most  recent  shoreline  was  compiled  on  either  the  USGS  quads  or  the 
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latest  NOS  topographic  survey  sheets  as  explained  earlier.  These  data  were 
then  transferred  to  scribe  cotes  containing  Coradi-generated  projections. 

e.  A  separately  registered  Hylar  sheet  was  used  to  depict  geographic  and 
legend  information  for  each  film  positive. 

f.  All  registered  sheets  (the  most  recent  shoreline  scribe  cotes  with 
projections,  the  historical  scribe  cotes,  and  the  geographic  and  legend 
sheets)  were  sent  to  the  NOS  Reproduction  Division  for  printing  proof  copies. 

g.  After  checking  the  proof  copies  and  applying  any  corrections,  the 
project  was  sent  to  the  Reproduction  Division  for  final  printing. 

26.  During  the  compilation  of  these  maps,  a  major  concern  was  minimizing 
datum  errors  by  being  able  to  project  all  the  historical  charts  using  the  1927 
North  American  Datum.  All  charts  compiled  later  than  1927  had  the  correct 
datum,  and  most  of  the  pre-1927  charts  had  adjusted  1927  datums  from  previous 
projects.  If  no  method  could  be  used  to  adjust  an  uncorrected  chart  well 
enough  to  satisfy  accuracy  requirements,  the  chart  was  not  used. 

27.  Other  sources  of  potential  error  were  also  considered.  The  most 
difficult  of  these  to  quantify  is  the  location  accuracy  of  the  MHUL  on  source 
surveys  and  maps.  This  error  source  may  be  separated  into  two  categories: 

(1)  the  earliest  surveys,  prior  to  approximately  1930,  and  (2)  the  group  of 
maps  based  on  photogrammetric  surveys.  In  discussing  the  first  group,  the 
early  surveys,  Shalowitz  (1964)  stated: 

*The  accuracy  of  the  surveyed  line  here  considered  is  that  resulting  from 
Che  methods  used  in  locating  the  line  at  the  time  of  survey.  It  is  difficult 
Co  make  any  absolute  estimates  as  to  the  accuracy  of  the  early  topographic 
surveys  of  Che  Bureau.  In  general,  the  officers  who  executed  these  surveys 
used  extreme  care  in  Chair  work.  The  accuracy  was  of  course  limited  by  the 
amount  of  control  that  was  available  in  the  area.' 
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"With  the  methods  used,  and  assuming  the  normal  control,  it  was  possible 
to  measure  distances  with  an  accuracy  of  1  meter  (Annual  Report,  U.S.  Coast 
and  Geodetic  Survey  192  (1880))  while  the  position  of  the  planetable  could  be 
determined  within  2  or  3  meters  of  its  true  position.  To  this  must  be  added 
the  error  due  to  the  identification  of  the  actual  mean  high  water  line  on  the 
ground,  which  may  approximate  3  to  4  meters.  It  may  therefore  be  assumed  that 
the  accuracy  of  location  of  the  high  water  line  on  the  early  surveys  is  within 
a  maximum  error  of  10  meters  and  may  possibly  be  much  more  accurate  than 
this.  This  is  the  accuracy  of  Che  actual  rodded  points  along  Che  shore  and 
does  not  include  errors  resulting  from  sketching  between  points.  The  latter 
may,  in  some  cases,  amount  to  as  much  as  10  meters,  particularly  where  small 
indentations  are  not  visible  to  the  topographer  at  the  planetable." 

"The  accuracy  of  the  high  water  line  on  early  topographic  surveys  of  the 
Bureau  was  thus  dependent  upon  a  combination  of  factors,  in  addition  to  the 
personal  equaCation  (experience)  of  the  individual  topographer.  But  no  large 
errors  were  allowed  to  accumulate.  By  means  of  the  triangulation  control,  a 
constant  check  was  kept  on  the  overall  accuracy  of  the  work."  However, 
shoreline  position  for  the  study  ares  in  one  year  may  vary  as  much  as  100  ft 

between  winter  and  summer  (U.S.  Army,  1985),  Since  the  early  surveys  took 

/ 

months,  and  in  a  few  cases  years,  to  complete,  the 

surveyed  mean  high  water  lines  for  this  study  are  probably  non-uniform.  For 
example,  if  a  summer  beach  was  surveyed  for  an  earlier  date  and  compared  to  a 
later  winter  beach,  the  difference  might  be  as  much  as  100  ft  due  to  seasonal 
variations  in  addition  to  the  longer  term  trends  of  concern  to  this  study. 

28,  Using  aerial  photographs,  the  MHWL  can  usually  be  located  to  within 
O.S  mm  at  map  scale  .  This  translates  to  16.5  ft  on  the  ground  for  a  map 
scale  of  1:10,000  or  10  meters  on  the  ground  for  a  nap  scale  of  1:20,000, 
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Since  the  great  majority  of  source  maps  were  at  a  larger  scale 
than  the  1:24,000  base  maps,  the  0,5  mm  map  scale  accuracy  was  at  least 
maintained  by  reducing  most  of  the  source  maps  to  the  common  base  scale  of 
1:24,000.  As  an  example,  in  a  recent  Florida  shoreline  mapping  project  using 
NOS  manuscripts,  the  locations  of  36  references  such  as  road  intersections  and 
shoreline  features  were  scaled  from  a  map  compiled  from  aerial  photography. 
These  references  were  then  surveyed  by  field  traverse,  revealing  a  maximum 
location  error  of  ^10  ft.  This  accuracy  is  not  claimed  for  all  cases  but 
does  serve  as  an  indicator  of  the  mapping  accuracy  attainable  by  standard  NOS 
methods , 

29.  In  the  interest  of  clarity  and  neatness,  if  any  pier,  jetty,  groin, 
or  other  man-made  feature  was  located  on  a  number  of  surveys,  it  was  only 
depicted  on  the  shoreline  movement  maps  for  the  last  survey  in  which  it 
appeared.  The  reasons  for  this  is  that  such  features  sometimes  appear  in 
slightly  different  locations,  orientations,  or  configurations  in  different 
surveys.  Since  it  would  be  impossible  to  determine  whether  these  differences 
were  due  to  cartographic  interpretation  (for  instance,  mapping  the  perimeter 
of  a  rubble-mound  structure),  changes  in  the  feature  itself,  or  other  causes, 
the  most  recent  representation  was  selected  as  a  standard  for  this  project. 
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PART  IV:  DATA  ANALYSIS 
Data  Extraction 

30.  The  accompanying  maps  are  useful  in  a  qualitative  way;  i.e.,  they 
provide  an  easy  means  of  visualizing  past  changes.  As  discussed  previously, 
the  maps  themselves  represent  a  compilation  of  historical  surveys  and  may 
include  inaccuracies  in  the  original  data  or  other  errors,  such  as  those  due 
to  the  printing  process  or  changes  in  the  map  paper.  For  this  reason,  the 
accompanying  maps  should  not  be  digitized  for  general  or  site  specific 
quantitative  shoreline  change  information.  The  following  paragraphs  describe 
techniques  used  in  this  study  by  the  Coastal  Engineering  Research  Center  to 
enable  the  data  that  these  maps  depict  to  be  used  quantitatively. 

31.  An  analysis  routine  was  used  to  average  shoreline  change  rate 
parameters  for  specified  longshore  distances.  One-minute  units  of  latitude  or 
longitude  (depending  on  shoreline  orientation)  were  used  as  a  reasonable  and 
easily  definable  base  to  key  all  measurements.  Each  unit  was  analyzed  to 
derive  shoreline  change  rates  for  desired  time  periods.  It  deserves  mention 
that  the  rates  given  are  averages  for  the  entire  shoreline  within  a  one-minute 
coastal  unit,  not  for  discrete  points  one-minute  apart.  This  distinction  is 
an  important  one,  because  measurements  made  at  a  constant  alongshore  interval 
seem  to  be  subject  to  bias  depending  upon  the  particular  interval  chosen 
(Hayden,  et  al.  1979). 

32.  Areal  information  was  extracted  in  addition  to  the  shoreline  change 
rates  to  establish  average  rates  of  change  in  land  area  bordering  the  ocean. 

As  with  the  shoreline  change,  this  analysis  was  keyed  on  1-minute-latitude  or 
longitude  cells,  depending  on  the  average  shoreline  over  the  historical 
record.  This  analysis  complements  the  spatial  shoreline  change  rates  by 
denoting  the  change  in  land  area  over  time.  A  small  standard  deviation 


indicates  a  uniform  rate  of  change  over  the  time  period,  while  a  large  value 
indicates  variability. 

Analysis  Methodology 

33.  Shoreline  change  rates  which  are  averages  in  space,  are  based  on  the 
intersection  of  the  historical  shorelines  with  fixed  transect  lines  in  time. 

No  attempt  is  made  to  identify  what  happened  to  the  shoreline  between  surveys ; 
the  analysis  simply  distributes  the  change  uniformly  over  that  time 
interval.  Shoreline  movement  rates  were  obtained  by  averaging  the  mean  rates 
of  change  for  all  transects  within  the  one-minute  unit  of  coastline  (Figure 
2.),  Individual  transect  lines  were  located  normal  to  baseline  segments 
established  parallel  to  the  average  historical  shoreline  positions.  These 
baseline  segments  varied  in  length  depending  on  the  sinuosity  of  the 
shoreline,  but  were  always  divisible  by  S2  ft  (25  m).  Transects  were 
automatically  derived  at  82  ft  intervals  along  and  perpendicular  to  the 
baseline  segment  by  an  electronic  digitizer.  Measurements  of  the  intersection 
of  each  historical  shoreline  with  each  transect  were  then  digitized  and  the 
differences  in  distance  along  the  transect  between  intersections  was  used  to 
calculate  an  average  shoreline  change  rate.  The  difference  for  each  time 
interval,  divided  by  the  number  of  years  between  surveys,  produced  an  annual 
change  rate.  The  mean  rate  of  shoreline  change  (X)  was  calculated  for  each 
transect  and  each  time  interval  as: 

X  =  Y(ti)  -  (Y(ti-l))  (1) 

ti  -  (ti-1) 

where  Y  is  the  distance  from  the  baseline,  ti  is  the  survey  date  and  varies 
from  2  to  n  (n  equals  the  number  of  surveys).  Overlapping  transects  were 
deleted  to  prevent  duplicated  rates  for  a  particular  site.  As  with  all 
shoreline  rate  change  calculations  in  this  study,  a  negative  (-)  value 
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Flgur6  2«  Definition  sketch  for  shoreline  change  rate  measurement 
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calculations  in  this  study,  a  negative  (-)  value  indicates  landward  moveoent 
and  a  positive  value  (+)  seaward  moveaent  of  the  shoreline  boundary. 

34.  A  spatial  average  and  standard  deviation  of  the  shoreline  change  rate 
was  derived  for  each  one-minute  unit.  This  provided  an  average  rate  of  shore- 
normal  movement  as  well  as  a  measurement  of  variability  along  the  coast.  The 
average  shoreline  change  rate  (X)  for  each  one-minute  unit  was  calculated  by 
averaging  all  the  individual  transect  mean  rates  of  change  within  the  unit  for 
the  same  overall  time  period.  This  spatially  averaged  rate  X  is 

X  -  r  (X). 

J-1  ^  (2) 

where  m  is  the  total  number  of  transects  for  the  one-minute  unit.  The  spatial 
variation  in  shoreline  change  rate  can  be  represented  by  the  standard 
deviation  (S)  of  the  shoreline  rate  of  change: 

(3) 

35.  As  with  the  shoreline  change  rates,  areal  changes  are  uniformly 
distributed  over  a  time  interval.  Areas  were  measured  by  digitizing  each 
survey  time  period  within  a  one-minute  unit.  Each  survey  area  A(ti)  was 
specified  using  latitude  and  longitude  and  the  shoreline  (Figure  3).  The 
latitude  and  longitude  boundaries  were  invariant  in  time;  only  the  shoreline 
boundary  changed  to  create  change  in  area.  Closures  for  areas  of  river 
mouths,  harbors,  and  other  breaks  in  the  shoreline  were  drawn  on  each  map. 
Although  arbitrary  in  nature,  an  alongshore  continuation  of  the  average 
adjacent  shoreline  orientation  was  used  to  derive  each  closure.  The 


differance  in  area  Cor  each  tine  interval,  divided  by  the  number  of  years 
between  surveys,  produced  an  annual  area  change  rate  (Ci)  Cor  a  particular 
survey: 


Ci  =  A(ti)  -  (A(ti-l)) 
ti  -  (ti-1) 

This  areal  change  rate  is  the  average  net  loss  (-)  or  gain  (+)  of  land  area 
within  each  one-minute  unit.  The  variability  with  time  of  shoreline  changes 
can  be  represented  by  the  standard  deviation  (S^)  of  the  areal  change  rates 


.J2:<ci  -  c) 

2 

(5) 

^  n-l 

where 

c  =  1  £ 

Ci 

(6) 

n  i  =  1 


36.  In  this  report  only  the  rates  Cor  the  chosen  time  periods  are 
shown.  No  change  rates  for  the  intermediate  time  periods  occuring  between  the 
elected  first  and  the  last  dates  are  listed  Shoreline  and  areal  rates  of 
change  and  their  variability  were  calculated  for  the  maximum  time  record  and 
Cor  the  period  from  1933  to  the  most  recent  survey.  The  1933  date  was  the 
earliest  survey  which  provided  a  good  measure  of  continuous  coverage  for  the 
study  area.  Since  there  has  been  a  dramatic  increase  in  development  along 
most  of  this  coast,  the  shorter  time  period  allows  a  look  at  the  effects  of 
man  when  compared  to  the  longer  time  span.  Tables  1  and  2  list  shoreline 
rates  of  changes  for  both  periods.  Tables  3  and  4  are  complementary  land  area 
change  rates  which  coincide  with  the  shoreline  change  rates  and  time  periods. 
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PART  V:  RESULTS  AND  PREDICTION  OF  FWURE  SHORELINE  AND  AREA  CHANCES 


Limitations  on  Prediction 

J7.  Historical  shoreline  change  date  may  provide  useful  information  with 
which  to  predict  future  changes.  However,  when  the  causes  of  change  are  not 
well  known,  it  is  difficult  to  make  such  predictions  using  only  past  trends. 
Particular  problems  occur  with  respect  to  interpretation  of  shoreline  movement 
for  this  study  reach,  because  the  movement  is  generally  episodic  and  sometimes 
catastrophic.  The  lack  of  a  lengthy  historical  record  for  some  areas  affects 
the  prediction  of  future  trends.  Analysis  of  shoreline  movement  trends  for 
short  time  intervals  are  much  more  subject  to  cyclic  variations  in  the  natural 
systems  such  as  weather  patterns,  as  suggested  by  Kuhn  and  Shepard  (1984). 
Apparent  trends  derived  from  shorter  time  frames  may  often  differ  greatly  from 
those  for  longer  time  interval.  Man's  development  of  upland  and  coastal  zones 
has  influenced  shoreline  movement  in  recent  years.  As  further  development 
occurs,  problems  with  accelerated  movement  may  develop.  Therefore,  the 
results  of  this  study  should  be  used  cautiously  in  forecasting  changes  in 
shoreline  behavior.  This  section  treats  shoreline  and  area  change  prediction 
separately  and  presents  the  differences  between  the  available  long  and  short 
term  periods. 

Spatial  Shoreline  Change  Predictions 

38,  Many  changes  in  shoreline  position  are  likely  related  to  local 
conditions.  Because  the  factors  influencing  shoreline  movement  within  the 
study  reach  were  not  addressed,  an  accurate  assessment  of  prediction  is 
hazardous.  However,  the  alongshore  variations  exhibited  in  both  mean 
shoreline  change  rates  and  standard  deviations  indicate  the  uniformity,  or 
lack  thereof,  which  exists  spatially  along  the  coast.  The  standard  deviation 
is  the  variance  from  the  mean  rate  of  change  per  year.  A  high  standard 


1 


deviation  indicates  that  at  some  of  the  25  m  intervals  along  the  coast, 
significantly  higher  or  lower  mean  rates  of  change  exist.  A  low  standard 
deviation  indiates  that  the  shoreline  is  moving  uniformly,  or  relatively  so, 
for  the  entire  one-minute  coastal  unit. 

Temporal  Prediction 

39.  Because  the  shoreline  change  rate  is  a  spatially  averaged  rate  of 
movement,  a  measure  of  variability  over  time  was  needed  to  properly  assess 
past  trends.  The  area  mean  rate  of  change  indicates  the  change  in  land  area 
per  year.  However,  the  standard  deviation  differs  from  the  shoreline  change 
rate  standard  deviation.  Since  the  base  of  measurement  is  the  whole  land  mass 
area  for  each  one-minute  unit  for  each  date,  the  variance  in  mean  rate  of 
change  relates  to  time  only.  Thus,  if  a  high  standard  deviation  occurs  for  an 
areal  measurement,  it  means  that  the  unit  has  experienced  non-uniform  change 
in  land  mass  for  the  survey  time  span.  A  low  standard  deviation  would 
indicate  a  uniform  or  more  consistent  rate  of  change  in  land  area  over  the 
survey  time  span. 

'•0.  Both  the  time  and  spatial  variations  are  equally  important.  However, 
due  to  the  sometimes  short,  intermittent,  and  non-uniform  frequency  of  survey 
information  in  some  areas,  higher  standard  deviations  may  exist  than  for 
adjacent  areas  with  longer  and  more  complete  historical  data.  This  can 
produce  misleading  information  and  caution  should  be  exercised  when  making 
trend  predictions  of  boundary  positions. 

RESULTS 

Al.  Of  the  87  cases  for  which  areal  and  shoreline  rate  of  change  values 
were  calculated,  twenty  (7')Z)  had  a  time  span  of  62  yecrs  or  less.  Nineteen 
of  these  had  survey  data  for  a  49  year  or  less  time  span.  The  areas  with  a 
short  available  survey  record  are  located  primarily  in  the  northern  study 
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reach  trom  the  Alamitos  Bay  area  to  1  mile  north  of  Huntington  Beach,  a  1  mile 
stretch  at  Crystal  Cove,  and  the  area  from  South  Laguna  to  San  Clemente. 
Another  section  exists  in  the  southern  study  reach  from  Ocean  Beach  to  Point 
Loraa.  The  only  reach  spanning  the  maximum  130  year  study  time  period  (1852- 
1982)  is  the  one  from  North  Island  to  the  U.S. /Mexico  border.  This  last  area 
represents  11  percent  of  the  total  study.  The  remaining  areas  fall  primarily 
within  a  90-100  year  time  span  range. 

k1.  The  shoreline  rate  of  change  has  been  graphed  for  the  periods 
1852-1982  (Figure  4)  and  1933-1982  (Figure  5).  Graphs  of  the  respective 
available  time  spans  and  the  number  of  available  surveys  are  also  presented 
(Figures  6  &  7)  and  apply  to  the  areal  measurements  as  well.  Both  time 
periods  exhibit  accretionary  trends  for  73  (84Z)  of  the  87  one-minute  units. 
The  patterns  of  movement  for  both  periods  are  much  alike,  with  the  differences 
being  mainly  higher  rates  for  the  shorter  time  span.  Movement  is  sporadic  in 
the  northern  reach  and  stabilizes  in  the  southern  portion  with  only  a  few 
exceptions . 

43.  Areal  change  rates  were  graphed  for  both  time  periods  1852-1982 

(Figure  8)  and  1933-1982  (Figure  9).  Mostly  they  display  an  increase  in  land 

area  for  both  periods.  However,  the  shorter  time  span  shows  an  increase  in 

land  area  For  only  66  (76%)  of  the  87  units.  The  longer  time  span  exhibited 

an  increase  in  72  (83%)  of  the  units.  The  southern  portion  of  the  study  reach 
(San  Diego  Bay  to  the  U.S.  Mexican  Border)  experienced  the  most  dynamic  areal 
change  over  time.  This  is  indicated  by  the  high  standard  deviation  for  the 
area  mean  rate  of  change  which  occurs  in  the  Mission  Beach  and  Silver  Strand 
areas . 
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Figure  4.  Area  mean  cate  of  change  and  standard  deviation 
maximum  available  survey  record  (zl852  -  1982) 
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Figure  5.  Area  mean  rate  of  change  and  standard  deviation. 

maximum  available  survey  record  (al933  r  1982) 
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Figure  7.  Shoreline  mean  rate  of  change  and  standard  deviation, 
maximum  available  survey  record  (zl933  -  1982) 
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Figure  8.  Survey  time  span  and  number  of  surveys ,  maximum 
available  survey  record  (zl652  -  1982) 
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figure  9.  Survey  time  span  and  number  of  surveys,  maximum 
available  survey  record  (21933  -  1982) 
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PART  VI:  SUMMARY  AND  CONCLUSIONS 


AA.  Shoreline  movement  maps  of  the  Pacific  Ocean  and  bay  shoreline  from 
Point  Portuguese  south  to  the  U.S. /Mexico  Border  were  produced  using  historic 
NOS  shoreline  maps.  Figures  10-2A  show  the  area  of  coverage  for  each  map. 

The  overall  accuracy  of  the  shoreline  movement  maps  is  estimated  to  be  at 
least  within  ^39.5  ft.  Using  digitizing  procedures,  average  shoreline  and 
areal  change  rates  were  quantified  for  one-minute  latitude/longitude  units  of 
the  study  coast.  Predicting  the  future  magnitude  of  shoreline  and  land  area 
change  rates  is  difficult  because  of  unquantif iable  changes  in  the  processes 
which  drive  shoreline  change.  tifforts  to  analyze  some  areas  were  hindered  by 
lack  of  a  lengthy  and  consistent  historical  record.  Analysis  is  further 
complicated  by  the  lack  of  adequate  cause  and  effect  relationships  that  would 
provide  significant  information  necessary  for  predicting  or  explaining  the 
shoreline  movement.  For  example,  bluff  erosion,  a  critical  problem  for  this 
study  reach,  has  greatly  influenced  the  shoreline  movement  in  recent  years. 
Auditionally ,  man's  development  of  the  coastal  zone  area  has  probably  played  a 
Key  role  in  altering  the  rates  of  shoreline  change  in  certain  areas. 

AS.  Comparison  of  the  change  rates  and  their  standard  deviations  for  both 
the  shoreline  movement  and  land  area  measurements  indicates  the  conditions 
(stability  to  high  variability)  that  exist  over  time  and  along  the  coast. 

While  shorter  time  spans  tend  to  mimic  the  longer  trends  for  the  majority  of 
the  study  roach,  no  confident  predictions  of  future  shoreline  position  can  be 
made.  Careful  analysis  of  the  spatial  and  temporal  variations  must  be 
considered.  Some  areas  of  the  study  reach  exhibit  variable  behavior  both 
along  the  coast  as  well  as  over  time.  This  complex  beliavior  points  to  the 
need  for  additional  information  in  order  to  make  an  informed  predition  of 
shoreline  position. 
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Figure  10.  Nap  No.  15  -  Torrance/San  Pedro 
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rigor*  IC.  Map  No.  f  -  San  Onofr*'  Bluff/San  ClaMnt* 
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ri«ar«  17.  Nap  Mo.  •  >  Laa  Fulpaa  Canyon 
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rigur*  18.  ll«p  No.  7  -  8«n  Luis  Roy/Ocoanaldo 


Piguc*  19*  Nap  No.  6  -  Bncinitas 
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